THE RELATION OF SERUM ESTERASE TO LIVER DESTRUCTION : STUDIES ON FERMENT ACTION. XXIX. by Jobling, James W. et al.
THE  RELATION  OF  SERUM  ESTERASE  TO  LIVER 
DESTRUCTION. 
STUDIES ON  FERMENT  ACTION.  XXlX. 
BY  JAMES  W.  JOBLING,  M.D.,  A.  A.  EGGSTEIN,  M.D.,  AI~D 
WILLIAM PETERSEN,  M.D. 
(From the  Department  of Pathology,  Medical  Department,  Vanderbilt  Univer- 
sity,  Nashville.) 
(Received for publication, July 3,  1915.) 
The variations of esterase in  the blood of animals  which have been poisoned 
by phosphorus  or chloroform have been studied  by Whipple  (I), yon Hess  (2), 
and Loevenhart (3).  Whipple observed that the esterase is increased in strength 
in  destructive conditions  of  the  liver,  the  degree  of  increase  bearing  a  definite 
relation  to  the  extensiveness  of  the  process.  He  concludes  that  the  increase 
is  due  to  the  liberation  of  the  ferment  from  the  liver  cells  which  are  under- 
going disintegration.  In certain of his experiments he tied the larger vessels of 
the liver, but  still observed the increase in  the general circulation.  He explains 
these results by assuming the presence of collateral vessels which carry the  fer- 
ment to the general circulation.  Just about the time our experiments were com- 
pleted an  article appeared by Quinan  (4)  in which  he  reports  the results  of  his 
study of tissues of healthy dogs and dogs poisoned with phosphorus  and  chloro- 
form.  He  found  that  in  the  poisoned animals  the  esterase  content  of  the  liver 
cells was  decreased  27  to 38  per cent,  while kidney and  muscle tissue  showed  a 
corresponding  increase.  He  concludes  that  the  tissues  containing  the  largest 
amount  of  esterase  must  be  the  ones  which  furnish  the  excess  ferment  in  the 
serum  in  chloroform and  phosphorus  poisoning. 
Technique. 
The work was conducted with blood obtained from various sources 
from  animals  poisoned  with  chloroform  and  phosphorus.  In  each 
instance  blood  was  drawn  from  the  ear  of  the  dog about one hour 
before the chloroform or phosphorus was administered.  This blood 
was  assumed  to represent  the normal esterase  strength  of  that par- 
ticular animal.  In some animals other tests were made on the same 
day,  but  more  frequently  a  test  was  made  on  each  subsequent  day 
until the animal died or was killed.  The animals were anesthetized 
on  the  day  the  serum  esterase  reached  its  maximum  strength,  and 
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blood was drawn from the portal and hepatic veins, the inferior vena 
cava below and above the entrance of the hepatic vein, and  from the 
heart.  This  procedure was adopted  in order to get the blood from 
the  liver  when presumably it would contain  the  most esterase.  At 
this  time  the  hepatic  blood should  contain  an  amount  much  larger 
than  that  present  in  the  general  circulation  owing to its  subsequent 
dilution. 
The  chloroform was given subcutaneously in  olive oil to  dogs  in 
the proportion of 2 cc. of chloroform for each I,OOO gm.  The phos- 
phorus  oil  was  given  in  2  cc.  doses  on  two  successive days.  The 
degree  of  fatty  degeneration  of  the  livers  varied;  in  some  it  was 
very marked, in others slight. 
The  livers  were ground  up in  a  meat  machine,  weighed,  and  ex- 
tracted ,with glycerine for seventy-two hours in the incubator.  The 
mass was then  diluted with two volumes of water and filtered until 
clear.  The  clear  filtrate  was  saturated  with  ammonium  sulphate, 
and the precipitate  redissolved and  reprecipitated  several times.  It 
was finally dissolved in a small amount of water, dialyzed free from 
ammonium sulphate, and its esterase activity determined.  The ester- 
ase  activity  of  the  solutions  thus  prepared  is  represented  as  the 
activity of  I  gram  of  the  original  tissue.  No  doubt  some  of  the 
ferment is lost by these procedures, but the loss is probably about the 
same in all.  In any case the differences are so striking  that  our in- 
terpretation  can hardly be wrong.  For purposes of comparison ex- 
tracts  from normal  livers were prepared  in the same manner.  The 
technique of determining the esterase strength has been described in 
a  previous paper  (5). 
Esterase  Content  of Normal  and  Injured Liver Tissue. 
Dog  z.--Normal.  Killed,  the  liver  removed,  and  treated  as  already  de- 
scribed.  The  esterase activity of  I  gin.  of  liver tissue gave  an  acidity equal  to 
lO4.4  cc.  of  N/Ioo  NaOH  when incubated  for 4  hours  with neutral  ethyl buty- 
rate.  A  number of normal livers have been examined in the  same manner, and 
while the results were not the same in all  cases, the esterase activity per gin. of 
weight was always greatly in excess of that obtained with the livers of poisoned 
animals. 
Dog  2.--Received 3  cc.  of  phosphorus  oil  on  Apr.  3.  Animal  anesthetized 
Apr.  6.  The  liver  showed  marked  fatty  degeneration.  The  esterase  activity 
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Dog 3.--Received  io cc.  of  chloroform in  olive oil  subcutaneously.  Animal 
anesthetized  the  following  day.  The  liver  showed  marked  fatty  degeneration. 
The esterase  activity per gm. of weight was equal to 39 cc. N/Ioo NaOH. 
As  will  be  seen  from  the  above  experiments,  which  are  merely 
examples  of others,  the esterase  activity of normal  liver  tissue  gave 
an  acidity  equal  to  lO4.4  cc.  N/Ioo  NaOH,  the  phosphorus  liver 
53.4 cc., and the chloroform liver 39 cc.  In other words,  the ester- 
ase  activity of normal liver tissue  is  two to three  times  greater  than 
that  from  liver  tissue  obtained  from  animals  poisoned  with  phos- 
phorus  or  chloroform.  This  confirms the  observations  of Quinan. 
Changes in Serum Esterase. 
Dog  29.--Weight  6  kilos.  Inoculated  subcutaneously  daily  for  three  days 
beginning  Mar.  18,  1915, with  I  cc. of  oil  of phosphorus.  It was  anesthetized 
the  day  following  the  last  dose, and  blood  drawn  from  the  portal  vein, the 
hepatic  vein, the  inferior  vena  cava, and  from  the  heart.  Table  I  gives  the 
esterase  activity of the  specimens of blood. 
TABLE I. 
Esterase activity. 
Source of blood,  co.  N/zOO 2Va OH 
Heart  3.7 
Portal vein  4.8 
Inferior vena c  :a  4.7 
Hepatic  vein  3.3 
In  this dog the  d(  truction  of  liver  tissue  was  not  very marked, 
and there was but little increase in the activity of the serum esterase. 
However,  even  here,  with  a  slight  degree  of  liver  destruction,  the 
esterase action of the blood from the hepatic vein was less than that 
obtained  from other sources.  The  blood  from  the  portal  vein  and 
inferior  vena  cava  was  most active. 
Dog 49.--Weight 7.3  kilos.  Inoculated  daily  for three  days  beginning  Mar. 
29,  1915, with I cc. of phosphorus  oil.  It was anesthetized  the day after the  last 
dose was given, and blood was obtained  from the portal  vein, hepatic vein, infe- 
rior vena  cava, and  the heart.  The liver  showed a mild degree of fatty degen- 
eration.  Table  II gives the  esterase  activity of the blood. 
TABLE II. 
Esterase activhy. 
Source of blood,  co. N/zoo Na OH 
Heart  2.  4 
Portal  vein  Lost. 
Inferior vena  cava  2.6 
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Here,  also,  the  esterase  activity  of  the  blood  obtained  from  the 
hepatic vein is less than that present in the blood from  other sources. 
Dog  59.--Weight 6.3  kilos.  Inoculated  subcutaneously  daily  for  three  days 
beginning Apr. 3,  1915, with  I  co. of phosphorus  oil.  The  animal was  anesthet- 
ized the day following the last dose.  The  liver showed marked fatty degenera- 
tion.  Table III gives the esterase activity of the different specimens of blood. 
TABLE  III. 
Esterase activity. 
Source of blood,  cc.  N/~roo Na OH 
Heart  19.o 
Portal vein  21.o 
Inferior vena cava, below liver  16.5 
"  "  "  above  "  15.5 
Hepatic vein  14.o 
This  animal,  with  extensive  liver  changes,  shows  a  very  high 
esterase  action  of  the  serum.  This  is  particularly  evident  in  the 
portal blood, while the least active is the blood from the hepatic vein. 
This  decrease  in  the  activity of  the  blood  from  the  hepatic  vein  is 
interesting  as  it  is  less  than  either  the  portal  or  arterial  blood,  and 
suggests  the  possibility of  the  esterase  being adsorbed  or  destroyed 
as it passes through  the liver. 
Dog  6o.--Weight 6.2 kilos.  Inoculated  subcutaneously on  Apr. 5,  1915, with 
2 cc.  of phosphorus oil, and on Apr. 6 with  I  co.  The  animal was  anesthetized 
on the day following the last dose.  The  liver presented a  high degree of  fatty 
degeneration.  Table  IV gives the  esterase activity of the blood  from  different 
sources. 
TABLE  IV. 
Esterase activity, 
Source of blood,  cc. ~V[IOO ~-a OH 
Heart  7.3 
Portal vein  7.3 
Inferior vena eava  8.1 
Hepatic vein  6.1 
Here,  also,  the  blood  from  the  hepatic  vein  was  less  active.  In 
this case the blood from the inferior vena cava was more  active than 
that  from  the portal vein. 
Dog  64.--Weight 3.5  kilos.  Inoculated subcutaneously Apr.  15,  1915 at  9  a. 
m.,  with io cc. of chloroform in olive oil.  The animal was anesthetized the fol- 
lowing day.  The  serum of the animal obtained before the  inoculation gave an 
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while  that  obtained  at  4  P.  m.  of  the  same  day  gave  an  acidity  equal  to  I2.4  cc. 
Table  V  gives the  esterase activity of  the blood. 
TABLE  V. 
l~sterase activity. 
Source of blood,  cc..~/zoo  Na OH 
Heart  I8.6 
Portal  vein  I6.3 
Inferior  vena cava, below  liver  z9.7 
..... '  above  "  I7.3 
Hepatic  vein  I6.3 
This animal had extensive fatty degeneration of the liver and the 
serum  had  a  high  esterase  content.  There  was  a  general  rise  in 
esterase  action  until  the  animal  was  killed.  In  seven  hours  it  in- 
creased from o.3 to 12.4 cc., with a  further increase of 6.6 cc., during 
the  next  sixteen  hours.  Here  again  the  esterase  activity  of  the 
blood  from  the  hepati.c  vein  is low, but it  is  just as  strong as  that 
from the portal vein.  T,he blood from the inferior vena cava is the 
most active. 
DISCUSSION. 
Quinan's  results  (4)  show  that  in  chloroform  and  phosphorus 
poisoning  there  is  a  decrease  in  the  esterase  strength  of  the  liver 
cells, while it is increased in the kidney and muscle tissue.  He does 
not prove, 'however,  that  the  increase  in serum esterase  may not be 
due  to  a  mobilization  of  the  ferment  from  the  disintegrating  liver 
cells.  The decrease of ferment in the liver might be due to its rapid 
mobilization. 
It  is  evident,  however,  from  the  results  of  the  experiments  just 
described,  that  the  increase  in  serum  esterase  in  animals  poisoned 
with  chloroform  or phosphorus  cannot  be due  to  a  mobilization  of 
the ferment owing to the destruction of the liver cells.  If this were 
true we should expect to find the esterase strength of the blood from 
the  hepatic vein higher  than  that  from  other  portions  of  the  body, 
but the reverse holds true.  In  fact,  it would seem that  the injured 
liver cells actually adsorb or destroy some of the excess e sterase,  as 
the blood from the hepatic vein con,rains less than is found elsewhere. 
The  fact  that  the  excess  serum  esterase  in  these  conditions  is  not 
derived from the degenerating liver cells affords a  rational  explana- 
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where  the  hepatic  artery,  with  all  its  branches,  has  been  ligated. 
This  author  found  that  the  serum  esterases  were  increased  in  all 
conditions accompanied with destruction of liver cells.  If this holds 
true, we must assume either that the agent causing the destruction of 
the liver cells  causes also a  mobilization of the  ferment from other 
sources, or that the products of the disintegration of the liver cells 
enter the general circulation and bring about this mobilization.  This 
view is confirmed by the results of some of the experiments reported 
in our work  on the  effects of  the  intravenous  injection of  protein 
cleavage products, where we found that the serum esterase activity 
was greatly increased.  In Whipple's experiments it is probable that 
the products  of  cell  disintegration are  removed by the  lymphatics, 
and in this way get into the general circulation.  Quinan has shown 
that  in  these  conditions the  esterases  are  increased  in ,the  kidneys 
and muscles,  and so  it is  possible  that they are  derived  from these 
tissues,  but  in several of our experiments  we  observed  the highest 
esterase action in the portal blood, so this source must also be con- 
sidered. 
CONCLIJSIONS. 
I.  Liver tissue showing fatty degeneration obtained from animals 
poisoned  with  phosphorus  or  chloroform  contains  a  decreased 
amount of esterase. 
2.  The serum of animals poisoned with phosphorus or chloroform 
has a  high es,terase  activity. 
3.  The increased amount of esterase  in the serum is  not derived 
from the disintegrating liver cells as the esterase in the blood of the 
hepatic vein is less than that found elsewhere. 
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